Superhelicity Constrains a Localized and R-Loop-Dependent Formation of G-Quadruplexes at the Upstream Region of Transcription.
Transcription induces formation of intramolecular G-quadruplex structures at the upstream region of a DNA duplex by an upward transmission of negative supercoiling through the DNA. Currently the regulation of such G-quadruplex formation remains unclear. Using plasmid as a model, we demonstrate that while it is the dynamic negative supercoiling generated by a moving RNA polymerase that triggers a formation of a G-quadruplex, the constitutional superhelicity determines the potential and range of the formation of a G-quadruplex by constraining the propagation of the negative supercoiling. G-quadruplex formation is maximal in negatively supercoiled and nearly abolished in relaxed plasmids while being moderate in nicked and linear ones. The formation of a G-quadruplex strongly correlates with the presence of an R-loop. Preventing R-loop formation virtually abolished G-quadruplex formation even in the negatively supercoiled plasmid. Enzymatic action and protein binding that manipulate supercoiling or its propagation all impact the formation of G-quadruplexes. Because chromosomes and plasmids in cells in their natural form are maintained in a supercoiled state, our findings reveal a physical basis that justifies the formation and regulation of G-quadruplexes in vivo. The structural features involved in G-quadruplex formation may all serve as potential targets in clinical and therapeutic applications.